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The spatial and temporal resolution of digital cardiac an-
giography have long been sufficient to allow imaging of the
cardiac chambers and determination of left ventricular vol-
umes and ejection fraction (1-3). Recent technologic ad-
vances have enabled the complete digital acquisition and
storage of selecti ve coronary arteriograms at rapid framing
rates and with high spatial resolution. Thereby, the way has
been opened I) to overcome the limitation s of qualitative
visual interpretation of coron ary arteriograms, and 2) to the
use of digital methods to quantitate the severity of flow
impairment induced by coronary stenoses . Substantial in-
vestigation is currently ongoing in this area (4- 6) , partic-
ularly directed toward development of methods for assessing
coronary flow reserve by measuring the response to a hy-
peremic stimulus such as radio contrast medium, dipyrid -
amole or papaverine (4, 7). Alternativel y, techniques of as-
sessing the exponential decay of an indicator such as xenon-
133 washout (8) can be modified for use in evaluating rest
coronary flow by digital angiography . In this issue of the
Journal , Ikeda et al. (9) describe a method for determining
the indicator disappearance half-life (TV2), using coronary
injection of radio contrast medium and digital angiography,
and report the application of this technique to the evaluation
of stenoses of the left anterior descending coronary artery .
Methodologic considerations. To obtain mathemati-
cally valid quantitative information from videodensity anal-
ysis of digital arteriograms, several criteria must be met. If
one examines myocardial perfusion, the region of interest
should be isolated from overlying and underlying structure s
to as great an extent as possible , a difficult requirement for
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right anterior oblique angiography as used by Ikeda et al.
Radiographic technical variables , including kilovolts, mil-
liampere s and pulse width , should be held constant for the
period of exposure . Any mathematic treatment of video-
density data must also account for the Beer-Lambert Law
(the exponential relation between radiographic attenuation
and contrast concentration) , as well as X-ray scatter, veiling
glare and pincushion distortion . Optimal studies would em-
ploy electrocardiographic-gated mask subtraction to elim i-
nate the influence of variable contrast intensities in systole
and diastole. In a study such as that by Ikeda et al., phys-
iologic factors such as aortic diastolic pressure, heart rate,
arterial oxygen saturation and the presence of hypertrophy
represent important variables that may influence perfusion
independent of the severity of a given lesion. Further, the
ideal circumstance for delivery of contrast medium is that
it be injected in the same amount, at the same point in the
cardiac cycle , and with the same force for every injection .
A greater pixel density than the 64 x 64 utilized by
Ikeda et al. would have allowed more effective separation
of contiguous structures. Alternatively, the authors could
have solved this problem by registering all available pixels
only in the area of interest , so-called pixel packing. Other
investigators (5,10) have noted the potential difficulty of
assessing contra st disappearance at a time when the phar-
macologic effect of contrast is producing hyperemia, thereby
altering the steady state of coronary flow and introducing
the problem of varying magn itude of hyperemia depending
on contrast dose. Detection of abnormalities of perfusion at
rest as proposed by Ikeda et al. may be most problematic
because, in the presence of a stenosi s, velocity increases to
maintain volumetric flow until severe levels of obstruction
are reached (8,11). Finally, when making correlations be-
tween a physiologic index such as TI/z and a respective
coronary stenosis, lesion severity should be determined by
quantitati ve coronary arteriography (12,13 ).
Given these constraints, it seems remarkable that such a
close relation between T lf2 and coronary flow was found by
Ikeda et al. In studies with Doppler flow probes , Marcus
and co-workers (12,14,15) found significant variability in
the ratio of hyperemic to rest flow when this index was
compared with severity of stenosi s assessed as percent di-
ameter narrowing. The potential of TI/z described by Ikeda
and co-workers to discern 50 and 75% stenoses would make
it the most sensitive method for delineating severity of coro-
nary lesions heretofore described. A key limitation is that
T V2provides a reflection of baseline flow only and no quan-
titative information regard ing the capacity of a coronary
stenosis to accommodate increased flow. The data of Ikeda
et al. clearly require confirmation but nevertheless have
significance as testimony to the growing interest in digital
cardiac imaging.
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Significance of digital cardiac angiography. In con-
trast to cineangiographic film, in which the coronary image
is irrevocably formed at the moment of X-ray exposure, the
digital coronary arteriogram constructs the image as a dy-
namic data set that may be quickly and repeatedly manip-
ulated. From the standpoint of image quality, the digital
data set may be mathematically filtered, smoothed, en-
hanced, color coded or simply subjected to a digital sub-
traction algorithm. Digital images may be obtained with a
lower contrast dose and are immediately available for review
by the clinician. Although a digital manipulation of an image
might not be necessary for the clinician to diagnose a com-
plete or subtotal occlusion by thrombus in the setting of
acute myocardial infarction or unstable angina pectoris (16),
the roadmapping capability of the computer will facilitate
angioplasty of the lesion. Thus, digital cardiac imaging clearly
fulfills the clinician's need to act rapidly and efficiently to
benefit the patient. With future development, the ability to
replace cineangiographic film by digital storage media should
render the technique cost effective.
More important than the enhancement of coronary images
is the capability of digital methods to quantitate coronary
stenoses and assess their functional significance. Edge-de-
tection algorithms combined with videodensitometry will
allow computerized quantification of coronary stenosis anat-
omy and atheroma mass independent of an operator (5,13).
These data can then be correlated with a digitally derived
index of flow reserve obtained by studying response to a
hyperemic stimulus (4,5). This information will be espe-
cially applicable to assessing the functional significance of
lesions considered by conventional criteria to be moderate
stenoses (50 to 75% luminal diameter narrowing) but will
also provide useful confirmation that a given mild or severe
stenosis does result in the anticipated impairment of coro-
nary flow reserve. Whether from appearance times, time-
contrast density integrals or disappearance times, any index
of coronary flow or hyperemic reserve should be subjected
to rigorous validation in appropriate models. (5). All mea-
sures of coronary reserve will, of course, have to be viewed
in light of the patient's clinical presentation.
Limitations and advantages. Digital cardiac imaging
is not without its limitations. Digital subtraction, either sin-
gle frame mask-mode or electrocardiographic gated tech-
niques, requires a motion-free subject and in some cases
significantly longer breath holding than is required by con-
ventional imaging methods. A limitation currently confront-
ing digital imaging is the need to rapidly and inexpensively
store the large volume of data generated by coronary an-
giograms in most active clinical laboratories. Technologies
will soon be available that will provide adequate storage for
clinical needs and will enable the study to be rapidly restored
to a viewing device for clinical analysis with ease equal to
that afforded by cineangiographic film or videotape. With
the realization of these capabilities, digital angiographic
methods will provide a compelling alternative to conven-
tional imaging techniques. We believe that digital cardiac
imaging is likely to be the most attractive approach to the
detection, quantification and determination of coronary ste-
noses and their functional significance in the future.
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